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PREPARATION OF POLYMERIC SURFACES 

This application is a continuation-in-part of 
U.S. application serial no. 138,226;, "filed December 
24, 1987, which is a continuation-in-part of U.S. 
application Serial No. 920,567, filed October 17, 
1986, and of U.S. application Serial No. 108,765, 
filed October 16, 1937 which is a continuation-in- 
part of U.S. application Serial No. 428,074 filed 
September 29, 1982. 

BACKGROUND OF - THE INVENTION 

It is often desirable to provide the surface of 
an object with a polymeric coating to protect the 
surface or to provide the surface with properties of 
the polymer coating; For example, various paint-like 
coating. compositions are .employed to provide the 
surfaces of metals, wood and the like with thin, 
protective polymeric films. 

The adhesion of polymeric films such as. those 
described above to the surfaces to which they are 
applied are commonly largely mechanical. The surfaces* 
often are roughened or otherwise prepared before a* 
polym.eric coating is applied so as to increase the 
degree of mechanical adhesion. Polymers are generally 
not ch'emically bonded to the surfaces upon which rhey 
are applied, and polymer coatings generally have not 
been used as coatings for devices which may be 
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implanted in -che human body or to devices which come 
into contact with body fluids during use, such as 
contact lenses. Coatings for objects such as these 
should adhere tenaciously to their surfaces even in 
rhe presence of body fluids and other liquids. 

To improve the adhesion of certain polymer 
species- to supporting surfaces, U.S. patents 
4,663,232, 4,311,573, 4,595,632 and 4,589,964 teach 
that surfaces zo be coared must be carefully prepared, 
as by precoating, using careful, often time-consuming 
procedures to receive polymer species. 

STOIMAP.Y OF THE INVENTION 

We have discovered that polymer molecules and 
reactive chemical molecules such as monomers and 
oligomers may be provided with latent reactive groups 
covalently bonded to them such that when the molecules 
are brought into bonding proximiry with a substrate 
such as a surface, the latent reactive groups can be 
energized to form, via free active specie generation, 
covalent bonds between these molecules and the 
substrate. The substrate to which the polymer • 
molecules are ro be so attached need not be 
specifically pretreated so as to add to it functional 
groups to which bonding occurs , and the invention 
provides a method by which such molecules may be 
readily attached to xintreated substrates of various 
types . 

Thus, in one embodiment, the invention relates to 
a method of providing a subsrrate, preferably a 
surface, wirh desired physical characteristics which 
comprises conracring the substrate with a ccm.posi-icn 
comprising a plurality of molecules of a polymer 
possessing rhe desired physical characteristics, rhe 
polymer molecules each having covalently bonded 
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thereto at least one latent reactive group. .The. 
latenr reacrive group* is capable of generating an 
active * specie such as a free radical in response zo 
external stimulation to covalently bond the polymer 
molecule to the substrate, through the residue of the 
latent reactive group. The polymer molecule is so 
spatially oriented as to enableone or more of its 
latent reactive groups, to come into covalent bonding' 
proximity with the substrate surface, and the method 
includes the step of thereafter act ivat ing- the latent 
•reactive group by applying external stimulation to • 
•covalently bond the polymer molecule to the 
substrate. The external . stimulation that is employed 
desirably is electromagnetic radiation, and preferably 
is radiation in the ultraviolet, visible or infra-red 
■regions of the electromagnetic spectrum. 

In another embodiment,, the invention relates to a 
latent reactive polym.eric composition which can be 
applied to a substrate such as a surface. and 
covalently. bonded to it by application of an external 
stimulus. The polymeric composition comprises a 
plurality of polymer molecules each having covalently 
bonded thereto at least one latent reactive group 
capable of active specie generation in .response to 
applied external stimulation . to covalently bond to the 
substrate, the polym.er molecules being so spatially 
oriented as to" enable their latent reactive groups to 
come into covalent bonding proximity with a surface or 
other substrate to which the coating composition is 
applied. Desirably, the coating composition includes" 
a vehicle carrying the polymer molecules and within 
which the polym.er molecules are permitted sufficient 
freedom of movem.ent as to enable latent reactive 
groups of the polymer molecules to be positioned in 
bonding proximity with the substrate with which the 
coating composition is applied. 
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In yet another embodiment, the invention relates 
to a surface or other substrate bearing a* plurality of 
polymer chains each covalently bonded to it through a 
residue of a latent: reactive group, which latent group 
was initially capable of acrive specie generation in 
response to applicarion of an external stimulus to 
covalently bond to the substrate; the polymer chains 
being present in sufficient quantity as to. provide the 
surface or other siibsrrate ro which they are atrached 
with one or more characteristics of the polymer. 

In yet another embodiment, the inveurion relates 
to a method of providing a surface or orher subsrrare 
with a plural iry of polymer chains covalently bonded 
to it, rhe method comprising contacting the substrate 
with chemical, preferably polymer izable , reactive 
units such as monomers or oligomers each having 
covalently bonded ro It a latent reactive group, and 
externally stimulating the latent reactive group to . 
cause the same to covalently bond to the substrate via 
active specie generation. To the thus-bonded reactive 
units ate covalently bonded one or more monomers, 
oligomers or polymers via grafting or. via 
polym.eri2ation of monomers or oligomers to provide 
polymer chains, the resulting chains .thus being 
covalently bonded to the substrate. 

In a further embodiment, the invention relates to 
a method of forming a cross— linked polymer comprising 
providing each of a plurality of polymer molecules 
with at least one latent reactive group as above 
described, bringing the polymer molecules into 
reactive association with one another, and activating 
the .latent reactive groups by application of an 
external stimulus -c cause said groups -c covaientlv 
bond to latent reactive group-free portions of ethers 
of the molecules. The reaction desirably occurs in a 
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solvent solution of the polymer molecules, and the ■ 
resulting cross-linked polymer molecules may thicken 
the solution, may form a gel, or may form a solid such 
as a f i Im. 

. DESCRIPTION OF THE PREFERRED' EMBODIMENT 

The .polymers of the invention may be natural or 
synthetic inorigin. Such polymers include oligomers, 
homopolymers and copolymers resulting from addition or 
condensation polymerization, and narural polymers 
• including oligosaccharides, polysaccharides/ peptides, 
and proteins. The polymers may include several 
disrinct polymer types, as prepared by terminal or 
side chain grafting. The polymers of the invention 
may include cellulose-based products such as 
hydroxyethyl cellulose, hydroxypropyi eel lulose ! 
carboxymethyl cellulose ,. eel lulose acetare and 
cellulose buryrate, acrylics such as those polymerized 
from hydroxyethyl acrylate, hydroxyethyl methacry late , 
glyceryl acrylate, glyceryl methacrylate, acrylic 
acid, methacrylic acid,' acrylamide and methacrylamide, 
vinyls such as polyvinyl pyrrol idone. and polyvinyl 
alcohol, nylons such as polycaprolactam, polylauryl ' 
lactam, polyhexamethylene • adipam.ide- and 
polyhexamethylene dodecanedi amide, polyurethanes , 
polylactic acids,, linear polysaccharides such as 
amylose, dextran, chitosan, and hyaluronic acid, and 
branched.^polysaccharides such as .amylopectin, 
hyaluronic acid and. hemi-celluloses . The polymeric 
species are chosen- so as to exhibit one .cr more 
properties desired for the surface or orher .substrate 
ro which the polymer molecules are bonded. For 
example, it may be desired in some instances tig 
provide surfaces with very hydrophilic properties, in 
which case polyrr.er species such as hyaluronic acid m.av 
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be employed. The polymer polyethylene glycol may be 
employed to repel proreins as from a contact lens 
surface. Heparin, a polysaccharide/ may be used to 
impart anti-chrombogenic characteristics ^ and chitosan 
may be employed to provide hemostatic properties. 

The physical characreristics of the polymer 
molecules employed in the present invention are 
generally derived from the nature of the molecular 
chains "chemselves. Thus, polyvinyl alcohol, for 
example, which bears a plurality of hydroxyl groups 
and which is gen^eraliy water soluble, provides 
hydrophilic characteristics to a surface or other 
subs-crane to which it is covalently bonded through the 
method of the invention. The polymer molecules of the 
invention desirably are siibstan-cially free of 
biologically active groups thar are either added to 
the polymer molecules after polymerization or that are 
not normally contained in the precursor monomers or in 
identical^ repeating unirs of the polymer. The 
polymer m.olecules that are employed in the invention 
desirably have extended chain lengths of at least 
about 10 Angstroms, preferably at least 25 Angstroms, 
and most preferably at least about 50 Angstroms. 

Most preferably, the polymer molecules include 
end portions which are free from latent reactive 
groups and which end portions themselves have extended 
lengths (measured from the nearest latent reactive 
group) of at least 10 Angstroms and preferably at 
least 25 Angstroms, and most preferably at least 50 
Angstroms, In this manner, the free polymer molecule 
end pcrricns may extend as desired away from rhe 
surface or other subsrrare ~o which the molecule is 
attached to provide appropriate physical or orher * 
characcerisTiics . The polymer molecules rhemseives 
preferably have molecular weights of at least about 
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.400, and desirably are general ly hydrophilic rn 
nature, the polymers preferably being soluble in warer 
to the extent of at least approximately 0.. 5% by weight 
at 25° C: "Extended length", as used herein /. refers 
to the length that a polymer chain would have i£ i.r 
were stretched our to its maximum' length/ observing 
proper bond angles between adjacent atoms. 
Polyethylene glycol , hyaluronic acid,, collagen,..' . 
chitosan/ heparin, and polyvinyl alcohol are 
particularly preferred polymers. 

The polymer molecules employed- in the invention' 
carry one or more latent reactive groups covalentlv ■ 
bonded to rhem. The latent reactive groups, broadly 
defined, are groups which respond to. specific applied 
.external stimuli to undergo active specie generation, 
with resultant covalent bonding to an adjacent supoort 
surface. Latent reactive groups a.re those grouos of 
atoms in a molecule which retain their covalent. bonds 
.unchanged under conditions of storage but which, upon 
activation, form covalent bonds with other mo lecules . 
The latent- reactive groups generate active species 
such as free radicals, .nitrenes carbenes , arid excited 
states of ketones upon absorption of external- 
electromagnetic or kinetic (thermal) energy. Latent 
reactive groups may be " chosen to be responsive to 
• various portions of the electromagnetic spectrum, and 
latent reactive groups that are responsive to 
ultraviolet , visible or infrared -port ions of the ■ 
spectrum, are preferred. Latent reactive groups as 
described are generally well known. 

The azides constitute a preferred class of latent 
rfeactive groups and include aryLazides ( _ m ) 

such as phenyl azide and particularly f^^^^"^ 
4-f luoro-3-nit rophenyl azide, acyl azides (-C-M^) 
•such as benzoyl azide and p-methyibenzoyi azide, azido 
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o 

forraates (— 0— C~N^) such as ethyl azidof qrmate / 

phenyl azidoformaue, sulfonyl azides (-S-N-) such as 

o 

benzei^esulf oriyl azide, and phosphoryl azides 

(RO)^^"^'^ such as diphenyl phosphoryl azide and 

diethyl phosphoryl azide. Diazo compoun.ds constitute 

another class of latent reactive ' groups and include 

diazoalkanes (-CHN^) such as diazomerhane and 

diphenyldiazomethane, diazokerones (-C^CHN^) such as 

diazo ace toohenone and 1— rr if luorocnethvl — l-diazo— 
^ o ^ 

2-pentanone^ diazoacerates (-0— 6~CHN^) such as 
t-butvl diazoacetate and phenyl diazoacetate , and 
beta— keto— alpha-diazoacetates such as 

t— butyl alpha diazoacetoacerate . Other latent 
reactive groups include the aliphatic azo cocnpcuncs 

such as azobisisobutvronitr ile , the diazirines 

^ ^rsJ ' . 

.( ,C u ) such as S-rr if luororaethyl-3-Dhenvldxazir me , 

the ketenes (-CH=C=0) such as ketene and 

diphenylketene and photoactivatable ketones such as 

benzophenone and acerophenone . Peroxy compounds are 

contemplated as another class of latent reactive 

groups and include dialkyl peroxides such as 

di-t— butyl peroxide and dicyclohexyl peroxide and 

diacyl peroxides such as dibenzoyl peroxide and 

diacetyl peroxide and perdxyesters such as ethyl 

peroxybenzoate . 

Upon activation of the latent reactive groups to 

cause covalent bond formation to the surfaces to which 

polymer molecules are to be attached, the polymer 

molecules are covalently attached to the surfaces by 

means of residues of the latent reactive groups. 

Exemplary latent reactive groups, and their residues 

UDon activation, are as follows: 
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Latent Reacrive Group 

• aryl azides 

acyl azides 

azidof ormates 

sulfonyl azides.; . 

phosphoryl azides. 

diazoalkanes 
diazoketones 
diazoacet ates 
beta-keto-alpha- 
diazoacet ates • 
aliphatic azp 
diazirines " 

ketenes 

photoacr iv^ated ketones 

dialkyl peroxides 
. diacyl peroxides 
peroxyesters 



Residue Functionality 
. . amine - 

amide . 

.carbamate 

sulfonamide 



R-NH-R ' 
O 

R-C-NH-R' 
p 

R-O-C-NH-R- 
O 

R-S-NH-R* 



phosphor amide ( RO) 2P-NH-?v ' 

new C-C bond 

new C-C bond & ketone 

hew C-C bond & ester 

new c-C bond & B-ketoesrer 

new C-C bond 
new c-C bond 

new C-C bond 

new- C-C- bond St alcohol 

ethers * 

esters & new c-C bonds 
ethers, esters,, and new' c-C " 
* bonds 



The polymers and oligomers used in the invention 
may have one or more latent reactive groups. 
Desirably, the polymers have at least one larent ' 
.reactive .group per molecule with the ratio of reacrive 
groups extended polymer, length, in Angstroms, ranging 
from about 1/10 to about 1/700 and preferably from 
about 1/50 to 1/400. . * . 

As will be noted from the foregoing descriprion, 
photoreactiye latent reactive groups are for the most 
part aromatic and hence generally are hydrophobic 
rather than hycrophilic in nature. 

The laten- 'reaczive groups and the polymer 
molecules -co which rhey are bonded may have 
substantially differenr sclvophilic properties. For 
example,, the latenr reactive groups may be relatively 
■hydrophobic, whereas -he pclym.er molecules mav be 
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relatively hydrophilic; when solution of rhe molecules 
is contacted with" a relatively hydrophobic surface, it 
is believed that the latent reacrive groups, being 
hydrophobic, tend to orient nearer, rhe surface so as 
to improve bonding efficiency when the latent reactive 
groups are activated. The piref erred latent reactive 
groups are benzophenones , acetophenones , and aryl 
azides . 

The loading density of polymers upon a surface 
may be improved by a process in which a latent 
reactive molecule (a molecule having a latent reactive 
group) is first brought into close association (as by 
means of a solvent solution) to a surface, and 
thereafter the polymer to be bonded to the surface is 
brought into contact .with and is covalentiy bonded to 
the latent reactive molecule, as to a reactive group 
different from the latent reactive group. Thereafter ;- 
the latent reactive groups may be activated to cause 
them to covalentiy bond to the surface to thereby link 
the polymers to the. * surf ace . This procedure appears 
to work particularly well when the. latent reactive 
group is solvophilically compatible with (e.g., 
similar to) the surface and wherein the polymer is 
relatively solvophilically incompatible with the^ 
surface but is more compatible with a portion of the 
latent reactive group. Reference is made to Example- 
IX below as being illustrative of this procedure. 

If desired/ polymer chains may be provided upon a 
surface or. other substrate by first covalentiy bonding 
to the substrate through a latent reactive group a 
monom.er / oligomer cr other reactive chemical unit. To 
the thus-bonded reactive units are covalentiy bended 
monomers or oligomers in a polymerization reaction or 
polymers via covalent bonding (grafting) of the 
reactive units onto the polymer chains. 
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The reactive chemical unirs of the invention 
carry covalently bonded thereto laten- reactive groups 
as. described herein for covaient attachment to a' 
npn-pretreated surf ace. or other substrate. These 
molecules are characterized as having reactive groups 
capable, of covaient bonding to polymer molecules of a ' ' 
polymer., having the desired characteristics, or of 
entering into a polymerization reaction with added 
monomers or oligomers to. produce polymer chains havinc 
the desired characteristics . Reactive chemical 
molecules capable of covalenely bonding to polymer 
molecules include nor only monomers and oligomers. of 
various types but also molecules having siich 
•functional groups as carboxyl, hydroxy!, amino/ and 
N-oxysuccinimide, such groups being reacrive with 
reactive groups carried by the polymer chain to bond 
to the chain. The reactive chemical molecules are 
preferably monomers or oligomers and mosr preferably 
are ethylenical ly unsaturated monomers capable of . 
entering into an .addition polymerization reaction wizh 
other ethylenically unsaturated monomers. 
Particularly preferred are the acrylate and 
■methacrylate monomers which are the est er if icatipn 
products of acrylic or rnethacrylic acid- and' 
hydroxy-functional latent reactive groups. Exam.ples 
of such molecules include 4-benzoylbenzoyl- 
lysyl-acrylate . 

Utilizing reactive chemical units bearing latent 
reactive groups, one will desirably first coat a 
surface or., other substrate, with a solvent solution of • 
such molecules. . Upon removal of solvent, the 
application of an appropriate external stimulus such 
as U.V. light will cause the molecules to covalentlv 
bond, through the latent reactive groups, to the 
substrat'e. The substrate may then be' appropr iatelv 
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cont acred with a. solution containing the desired 
polymer, monomer or oligomer molecules to cause 
bonding to these molecules. For example, if the 
reactive chemical unit molecule is carboxyl 
functional, it may be reactive with, and- covaiently 
bonded. to, an appropriate hydroxyl-f unctional polymer 
such as dihydroxy polyethylene glycol. If the 
reactive chemical molecule is a monomer or oligomer, 
e.g., a merhacrylate monomer, the substrate to which 
the molecule is covaiently bonded may be conraczed 
with a solution of addit ion-polymer izable monomers 
such as hydroxyethyi methacrylate and a free-radical 
addition polymer izar ion initiator such as dibenzoyl 
peroxide under addition polymerization condiricns to 
result in the growth of polymer ■ chains from the 
monomer molecules bound covaiently to the subszrate. 
Once, the desired polymerization has occurred, the 
substrate may be washed to remove residual monomer, 
solvent and non-bound polymer that was formed. 

The term "substrate" refers to any chemical 
moiety to which polymer molecules are to be attached 
through activation of latent reactive groups. The 
substrate may take the form of molecules in a 
solution, but more desirably, the subs-crare comprises 
a definable surface such as the tangible surface of a 
contact lens or surgical implant, or the surface 
provided by small particles in an emulsion or other 
suspension or as a powder, or the surface defined as 
the interface between two substantially distinct 
phases, such as two immiscible liquid phases cr the 
surface of a soft gel.. Although the polymer nr.olecuies 
mav be attached to the same cr different pciyrr.er 
molecules in a solution, as described more fully 
below, the invention provides the particular advantage 
of providing means by which non-pretreated definable 
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(e.g., solid) surfaces may simply and rapidly be 
provided with covalently bonded-on polymer coatings in 
a simple,' rapid and hence economical manner. 

"Hydrophilic" and "hydrophobic '*' .are used herein 
to describe compositions broadly as warer-loving and 
water-hating* respectively, in line with the following 
observations:. Hydroph.ilic compounds are. usually 
relatively polar and often are ipnizable. Such 
compounds usually bind water molecules strongly. 
Hydrophobic compounds are usually relarively non-polar 
and non-ionizing. Hydrophpbic surfaces will generally 
cause water molecules to structure in an ice-like 
conformation at or near the surface. "Hydrophobic" . 
and "hydrophilic'' are relative terms; of course, and " 
are used herein in the sense that various, 
compositions, liquids and surfaces may be hydrophobic 
or hydrophilic relative to one another. A discourse* 
on the subject is found in Hoffman, Lette r ro the * 
Editor: A General Classification Scheme fo r 
"Hydrophilic" and "Hydrophobic" Biomaterial Surfac es , ' 
J.Biol. Mat, Res. 2.0, pp ix-xi ( 1986), the teachings 
of which are incorporated herein by reference. 

The loading density resulting from, attachment of ' 
polymer molecules to .a surface or other substrate in 
accordance with the invention may be regulated in 
several ways. First, the degree. of activation of 
latent reactive groups is generally a function of the 
quantity of the external' stimulus .that is applied, and 
thus the extent- of covalent bonding through the latent 
reactive groups may be regulated by regulating the 
intensity and time of application of the applied 
stimulus. Regulation of the applied, stimulus is 
particularly easy when the stimulus is actinic 
radiation; one can readily regulate the amount of 
radiation to which the latent reactive groups are 
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exposed. Loading density may also be regulated by 
adjusting the capacity. of polymer molecules of the 
invention to bring their latent reactive groups into 
bonding proximity with a surface. Thus, one may 
reculate the viscosity of a solution, of polymer 
molecules in an appropriate solvent as well as the 
solubility of polymer in the solvent. Yet another 
factor is the concentration of polymer molecules in a 
coating. compos ir ion , 

As will be understood from the above discussion 
and from the examples which follow, rhe invenrion 
permits a substrate, particularly a solid surface, to 
be provided wirh covalently arrached polymer molecules 
in sufficient loading density or quantity as to 
provide an "effective" surface having the physical 
properties of the added polymer rather than those 
differing physical properties of the uncoated .solid 
surface. In this manner, for example,, the hydrophobic 
surface of polystyrene may be rendered comparatively 
hydrophilic through the covalent • bonding of e.g., rhe 
hydrophilic polymer polyethylene glycol to rhe 
polystyrene surface. 

In a preferred embodiment, the method of the 
invention is practiced on a surface or other substrate 
that has not been pretreated. As used herein, the 
' terms "pretrearment " and *'pretreated" refer to the 
addition to a surface or other subsrrate of functional 
grouos which are chemically involved in the covalent 
bonds subsequently formed upon activarion of latent 
reacrive groups. Subsrrares such as solid surfaces 
m.av be pre-washed, of course, ro remove surface 
conrarr.inarion and may be modified as desired ro affect 
soivoDhilic characterisrics wirhour adding functional 
aroups rhan are involved in covaler.T bond formation 
wirh larent reacrive groups. For example, poiysuvrene 
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. surfaces may be washed and then exposed to hydroxy! 
ions in known water vapor plasma contact procedures, so 
as .to add hydroxyl groups to the surface solely for 
the purpose of .rendering the. surface more readilv 
wetted by aqueous solutions, the hydroxyl- groups not * 
being involved in subsequent covaleht bond formation 
with the surface upon latent reactive group 
activation. Avoidance of pretreatment steps , as above 
defined, leads not only to important processing 
economies but also avoids technical "problems 
associated with the attachment of bond-forming 
reactive groups to surfaces at uniform loading 
densit ies . ' * • , • . 

The invention may be more easily appreciated bv 
reference to the following non-limit ing examples , in 
which parts are expressed by weight unless otherwise 
indicated. 

■ EXAMPLE I ' ^ ■ ' 

Modification of the Surfaces of Con tact 
Lenses and Introcular Lens Implants 

The experiments described in this example 
involved preparations of hydrophilic polym.ers that are 
covalently bonded to contact lens surfaces through ' " 
latent reactive' groups carried by the polymers , * 
Preparation of Photolabeled Polyethylene 
Glycols . . Polyethylene . glycols of molecular weights 

•IGOO (PEG-IOOO) and 4000 (PEG-4000) were labeled with 
f iuoro-2-nitro-4-azidobenzene (FNAB) by modification 
of ' the phase transfer method of Kimura,; and S. Regen, 
Journal of Organic Chemistry 48; 19 5 (1983) the 
teachings of which are incorporated by reference- 

•herein. Briefly, the phase-transfer synthesis of 
4-azidc-2-nitrophenyl polyethylene glycol ( A^TP-PEG) 
involved the mixture of 60% aqueous * potassium 
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aydroxide ( "KOH" )/t;oluene with FNAB and PEG, followed 
bv ex-craction and thin- layer chromatographic (TLC) 
purification as described below. 

ANP-PEG-IOOQ . ANP-PEG-1000 was prepared by 
adding 0.3 mmole PEG-1000 to 5 mis 60%' KOK and 0.15 
mmole FNAB to 10 ml toluene. This reaction mixture 
was rapidly stirred at room temperature for 16 hours. 
The product was isolated from the organic layer. TLC 
in 85/15/1/1 chlorof orm/merhanol/H^O/acetic acid or 
ammonium hydroxide separated mono-and di-subsrituted 
derivatives of ANP-PEG-1000 from unlabeled PEG. The 
band corresponding to ANP-PEG-1000 (lower value) 
was extracted from silica gel with TLC solvent and 
azeotrophed to remove residual acid or base. The 
final product was soluble in water. 

ANP-PEG-40Q0 . ' ANP-PEG-400 0 was prepared by the 
same procedure as that described above except that the 
reaction mixture was rapidly stirred at 50 ^C to ensure 
all reagents remained in solution during the course of 
the reaction. 

Preparation of Photo laibeled Jeff amines . 
Polyoxypropylenepoly amines and 
DO lyoxyethylenepoly amines (referred to as 
"Jeff amines" , a trademark of Jefferson Chemical Co., 
Inc.) were photolabeled by coupling the 
N-oxysuccinimide ("NOS") esters of ANP-EACA 
( epsilon-aminocaproic acid), BBA (4-benzyl benzoic 
acid) and nBBA ( 4-(3nitrobenzyl )benzoic acid) to the 
Dolymers. These NOS-der ivatives were added to a two 
molar excess of Jeffamine in very dry (high purity) 
solvents ( ANP-EAC-NOS in dry rerrahydrofuran,- BBA~:70S 
in dry cioxane or dimethyl formamide and nitro BBA-::::os 
in drv dioxane or dimex:hylf ormamide) . AfT:er 16 hours 
o£ reaction ar room -sniper azure in the dark, the 
produces were isolated by TLC in 85/15/1/1/ 
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chlorof orm/methanol/H^O/aceric acid. 

Monosubst ituted Jeffamine derivatives were extracted 
with the TLC solvent and azeotroped with water ro 
remove the residual acetic acid. The. 
ANP-EAC-Jef famine/ BBA-Jef famine , and riBBA-Jef famine 
products were water soluble. 

Preparation of ANP-Hvalurbnic ! Acid . The 
terminal sugar. of humari placental hyaluronic acid ■ 
(MW^pplO'0-130,000) was activated by the periodate 
procedure described in E. Junowicz and S.E. Charm. 
"The;Der ivatization " of Oxidized Polysaccar ides for 
Protein Imraobi 1 izat ion and Affinity Chromatography," 
Siochimica et Biophvsic a Acta / Vol , 428: .157-165 
(1976), incorporated herein. by reference. . This 
procedure entailed adding sodium or* potassium 
periodate to a solution of hyaluranic acid .thus . 
activating the terminal sugar. The hyaluronic acid 
-was added to a 10-fold excess of Jeffamine and allowed 
to react 4. hours at room temperature. The linkages 
were stabilized. by reduction with sodium ' 
cyanpborohydride, followed by exhaustive dialysis to 
remove noh-bpund Jeffamine. A 10-fold molar excess of 
AJSTP-EAC-NOS in DMF .was added to the 

Jef f amine-hyaluronate in 0.1 M carbonate, pH 9 . 0 , by 
•syringe drive. This addition required 16 hours and 
was conducted at room temperature in the dark. The 
excess ANP-EAC-NOS. and ANP-E AC- Jef famine. was removed 
by gel filtration chromatography. The integrity of 
the azide group, which- is required for photocoubling 
of the moiety to the contact lens polymer 'packbone, 
was analyzed by infrared spectroscopy to detect the 
azido function of the ANP group, a poivethvlene alvcol 
assay to detect the Jeffamine spacer, and a modified 
carbazole assay described in T. Bitter and H. Muir, 
Analytical Biochemistrv Vcl. 4: 330-334 (1962) and 
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incorporated herein by reference to determine the 
uronic acid content of the derivative. 

The polyethylene: glycol assay was developed 
using the Dragendorff reagent ( tetraiodobismuthic 
acid-barixam chloride) A. S-rhl portion of srock 
reagent (425-nig bismuth nitrate, 10-gm potassium 
iodide in acetic acid and water) was added to 10-iul . 
10% barium chloride in warer and a background reading 
at 516/nin was noted. Then 0 ; l-ral of the sample was 
added and the contents mixed by inversion of the 
cuvette. A reading was taken at 516/nm afrer 1 minute 
of incubation. The values were compared to a standard 
curve . 

The carbazole assay was performed as follows. 
A 3 . 0 ml portion of sulfuric acid reagent (0.025M 
sodium tetraborate in sulfuric acid) was cooled to 
— 70°C. A 0.5 ml portion of sample was layered onto 
the acid and the mixrure was stirred (30 min.) until 
it reached room temperature. The tubes were heated at 
100^*0. (10 min.), a 0 . 1 ml aliquot of carbazole 
reagent .( 0 . 125% carbazole in absolute ethanol) was 
added, the tube contents were mixed (5 min.), heated 
at lOO^^C. (15 min.), then cooled to room remperature 
in an ice bath. The samples were analyzed- 
spectrophotometrically at 530 nm against a sulfuric 
acid reagent blank. The results were compared to a 
standard curve constructed with 4-40 ug/ml 
glucurono lactone standards . The assay was sensitive 
to detecting 20 pmole of hyaluronic acid. 

The fractions containing one AInP, one Jeff amine 
and one hyalurona^e molecule were pooled and used. 

Preparation of ?hc~olabeled Hyalurpnic Acid, 
Methvl Cellulose and Chondroiuin Sulfate . Scdiurr. 
hyaluronaTie was dissolved in deicnizec H^O -c give a 
1% polysaccharide w/v sclurion. This 1% solurion was 
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then diaiyzed against 0.05M MES {2-(N-Morpholino) . 
ethanesulf onic acid), pH 4 . 0 to convert the sodium 
salt to 'the acid form of hyaluronic acid. A 0.135- 
mraole portion of ANP-EAC-Jef famine or. 

BBA-EAC-Jef famine solid was added, to the 10-ml of 0.5% 
hyaluronic . acid and a thorough mixture of the two 
reageiits Was made by rotary stirring for 30 m-inutes. 
To this mixture was added i90 mg of EDC 
( l-ethyl-3-( 3-dimerhylamindpropyl)carbodiimide) and 40 
mg Sulfo-NHS (N-hydroxysiilf osuccinimide) at thirty 
minute intervals for a total of four additions. 
Thirty minutes after the final addition, the volume 
was reduced by one-half by rotary evaporation and the " 
reaction was left to continue an additional 12 hours 
at 4**C. After the 12 hours of" incubation, the 
reaction mixture was transferred to a dialysis bag of 
12,000 MW cut-off. The mixture was rhen diaiyzed 
against, four changes of deionized H^O to. remove 
. non-covalently bound ANP-EAC-Jef famine , fallowed by 
dialysis against saline containing 0.001% thimerasol 
preservative. This reaction product was then analyzed, 
by .the carbazple. reaction to assess remaining uronic 
acid residues, and UV spectroscopy to quant itate. the 
photogroup loading on the polysaccharide. A loading 
density of one out of every 20 carboxyl groups 
modified with photogroup was obtained by this 
process. Photolabeled carboxymethyl cellulose and 
condrbitin sulfate can be prepared by similar 
procedures . 

Preparation of Photolabeled Collagen . 
Human placenta Type IV collagen (available from Sigma 
Pharmacueticals ) was dissolved at a 1 mg/ml 
concentration in . 0 . IM borate, pH 9.0. ANP-EAC-NOS in 
DMF, BBA-sulfo-NOS in dioxane or nitro BBA-NOS in 
dioxane was slowly added to the collagen solurion in a 
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50x molar excess by syringe drive at 4°C in the dark 
over 16 hours. After the addition was complete, the 
mixture was stirred 4 hours in the cold. The collagen 
product was. dialyzed against 4 changes of PBS then 
centrifuged to remove insoluble material. The 
supernatant was measured spectrophotometr ically at 260 
nm, 280 nm and 462 nm to assess the photogroup/proTiein 
ratio . * 

Preparation o£ -Phorpiabeled Protein a ses . 
ANP-EAC-NOS. BBA-NOS and nBSA-IvrOS photogroup dissolved 
in organic solvent at 25 mg/ml concentrations, were 
added in 5 0 molar excess to papain (papaya, MW 23,426) 
by syringe drive at 4'=*C in the dark over 16 hours. 
After addition of the photogroup was completed, the 
mixture was stirred an additional 4 hours, then 
dialyzed in PBS to remove uncoupled photogroups . 
After dialysis, the product was centrifuged to remove 
insoluble material. The supernatant was measured 
spectrophotometrically at 260 nm, .280 nm, and 462 nm 
-co estimate the photogroup/protein rario.. 

Photocouplinq' of Polymers to Lens Surfaces . 
The photo labeled polymer agents obtained above were 
added to the contact lens materials described in Table 
4 at a concentration of 250-1000 pmole polymer/con-cact 
lens. The solution was allowed to adsorb onto the 
contact lenses at room temperature in the dark for 3 
hours. The polymers were then covalently linked to 
the plastic by photolysis for 12 hours at the 
appropriate wavelength (450 nm for ANP and 320 nm for 
B3A ana nBBA derivatives). After photolysis, the 
contact lenses were washed with 5x5 ml of normal 
saline ( 0 . 85%. NaCl) t:o remove non-covaiently linked 
groups . 

Radiolabeled groups may be coupled ~o che.lens 
materials, and the lens pieces treaT:ed v/irh 
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tetrahydrof uran followed by DMSO.to release the 
radiolabel from the solid surface. Scintillation 
fluor is then added and the amounr- of polymer/cm^ is 
determined by liquid scintillation spectroscopy,. 
Representative- results are shown in Table 1. 

Table . 1 . 
Photolabeled . Contact Lens 



Jr U J. ylUc L, 


wateriai 


nq/cmi 


ANP-PEG-IGOO. 


Polyvinyl chiocide 


. 19 


. 96 




Sofspin (polymacon)' 


33 


. 45 




Permaflex 


33 


.97 




Vistamarc 


34 


. 26 




Lidofilcon 


63 


. 12 




Silicone . 


33 , 


. 97 




**Polytnacon Button 


2408 . 


. 60 


ANP-PEG-4 00 0 


Sofspin (polymacon) 


los". 


, 24 




Permaflex 


171 . 


44 




■Silicone 


682 . 


40 




**Polyinacon Buttons 


6296 . 


00 


nitro BBA- 


Polyvinyl Chloride 


46 . 


40 


PEG-2000 


Sofspin 


26 . 


28 




Permaflex.- 


16 . 


42. 




Silicone 


191 . 


22 




** Polymacon Buttons 


, 7476. 


00 


BBA-PEG-2 00 0 • 


Silicone. 


226 . 


40 




**Polymacon Buttons 


8070 . 


20 


ANP-Hyal- 


Silicone 


25 . 


00 


uronic acid 


**Polymacon Buttons 


130 . 


95 


* Values were averaged from replicates of 


10 




** Pblymacon 


loads are based on total volume, cm^ 


/ 


rather 


than surface area. • 







Sofspin contacrs are made of polymacon vi-h 
about 38.6% waiier and are a ur ademarked produc* 
Bausch & Lomb, inc. 



Permafle:-: con::act3 are made of 
poly(hydrbxyezhylmethacrylare) with abou* 74% varer 
and are a trademarked produc:: of Coopervis ion , Inc. 
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Vistamarc contacts are made of i 
polyChydroxye-thylmerhacrylare) with about 58% water 
and are a trademarked product of Johnson & Johnson. 

Lidofilcon contacts are made of 
poly(hydroxyeT:hylmethacryiate) with abour 70% water 
and are a product of Bausch St Lomb, Inc. 

The values in Table 1 are expressed as ng of 
polymer per sqiiare centimeter of surface. The AN? 
derivatives coupled at higher load densities than the 
nBBA-Jeff on the hydrogel contact lens materials. 
These results were reversed for the silicone compound. 

In Vitro Protein Adsorption Studies > A.rtificial 
human tears were prepared according to the formula 
found in B.P. Gioor, "The Lacrimal Apparatus" in 
Adler's Physiology of the Eve: Clinical Applications 
(R.A. Moses, ed.), C.V. Mo shy Co . ^ Sr. Louis, MO 
(1981) the teachings of which are incorporated 
herein. As indicated in that reference the major 
oroteins present in human tears are serum albumin 
(HSA) , gamma-globulin (HGG) , and lysozvme (LYZ) . - The 
major sterols present in human tears are cholesterol 
and cholesterol esters. 

H Proteins . The prorem components were 
tritiated by reductive methylation with formaldehyde 
and tritiated sodium, borohydride as described in N. 
Jentoft and D. C. Dearborn, Journal bf Biochemistry , 
Vol. 254: 4359-4365 (1979) and incorporated herein by 
reference. Briefly, the proteins in Img/ml . 
concentration in 0 . IM KEFES , pH 7.4 were methylated by 
reacting with formaldehyde and tritiated sodium, 
borohydride, rocking at 22°C for about 2 hours. The 
product was dialyzed against PBS in 0 . OlM phosphare , 
0.15M sodium chloride, pH 7.4, and affinit:v purified 
on gelatin sepharose. Bound, agent: was eiured wi-:h IM 
sodium bromide 0.p2M sodium acecatie, pH 5.0, then 
dialyzed against PBS, pH 7 . 4 . 
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. Preparation of Artificial Tears . The 
radiolabeled proteins described above were used in 
preparation of artificial tears. One of the 
radiolabeled proteins or the tririated chblesrerbl was 
included in each cear mixture.: The other components 
.were not radiolabeled. The contact lens materials 
were* incubated in the artificial tear solution for one. 
week at 37°C with gentle agination, At the end of 
this time the lens materials were washed with 5 x lOmi 
of 0.85% NaCl. The amounr . of protein adsorbed to the • 
lens materials was then determined . by liquid ■ 
scintillation counting. . " " ' • • 

Reduction in total prorein deposition reached 
85% in ANP-PEG-IOOO modified Sofspin lenses. The 
overall protein amounts were reduced for all lens - 
materials except ANP-l 0 0 0-OH coared Polv-macon buttons , 
ANP-4000-OH coated polymacon butrcns and 
ANP-hyaluronate coated polymacon buttons. These poor • 
results were ail obtained with virgin polymacon 
materials which appears ro react differently than 
polymacon contact lenses, such as Sofspin lenses. 
Overall, these in virro protein deposition studies 
demonstrated significant to dramatic decreases in' 
protein deposition from artificial, tears on various 
contact, lens materials during a one week period. 

Amino Acid Analysis . Control and surface 
modified lenses were incubared in the artificial tear 
solution for one week at 37^C wirh gentle agiration.. 
The lenses were washed with 5' 10ml washes . of 0.85% 
NaCl, then hydro lyzed with 6N HCl and che hydrolysates 
subjected to standard amino acid analyses on an amino 
acid analyzer. Total amino acid content of control 
and surface modified lenses were compared to each 
o-cher. Reduction in rotal amino acid content 
indicated a reduc.icn in prorein abscrp-ion.* 
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The total amino acid analyses of the acid 
hydrolyzed contact lenses are given in Table 2. These 
results are expressed as total amino acids in 
nmole/ml. These results again indicated that the 
jysFP-PEG-lOOO , ANP-PEG-4000 and nBBA-Jeff modir icarior.s 
of Sof spin polymacon lenses reduced the deposition of 
proreins on the lenses after 7 days of incubation in 
artificial human tears- 

Table 2. 

Total Amino Acid Analyses from Artificial 
Tear Deposits on Contact Lenses 

Coni-act Biocompatible Total Amino Acids 

Material Acrenr nmol/lens : % Requcricn 

Sof spin 
Permalens 



EXAMPLE II 

Preparation of Monof unctional (Phororeacrive ) 
Polyethylene Glycol 

Dihydroxy PEG 1450, 0.125 moles, was dissolved 
in 8 00 mi of toluene, followed by removal by 
distillation of 200 ml of solvent to provide 
azeotropic removal of water. Triethyl amine, 0.143 
moles; was then added, followed by the addition of 
0.0625 moles of the acid chloride of 4-benzoylben2cic 
acid (Aldrich Bl, 240-7). The miz-crure was s-irred for 
2 hours ar room remperarure. The crude reacuicr. 
mix-ure was filtered through a Celire pad to remove 
-he hydrochloride salt of trie-hyl amine and the 
toluene was removed under reduced pressure. 



ANP-PEG-1000 62.8 59.7 

ANP-PEG-4 0 00 13 6 12.4 

nBBA-Jeff 10 5 32^3 

Control 156 

ANP-PEG-1000 169 32.5 

ANP-PEG-4000 210 15.9 

nBBA-Jeff. 181 27.5 

Control 250 
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The crude product was then dissolved in water (2 
ml water/ 1 g product) and solid sodium chloride was 
adaed (50 mg NaClV 1 ml water).. After adjusting the 
pHto 7 using solid sodium bicarbonate, toluene (1 ml/ 
1 g. product) and isppropyl alcohol (1 ml/ 5 g product) 
were added .and the layers were thoroughly mixed. • This* 
extraction was repeated until; no more disubst itured 
PEG appeared in the organic phase by. TLC as outlined 
.in Example I. The -aqueous^ layer was then briefly 
evaporated under reduced pressure (5% volume 
reduction) to remove organic solvents. The aqueous 
solution was then saturated with" sodium chloride and 
extracted with toluene (1 ml/" 1 g solution) until all- 
■ monosubstituted PEG was removed.' -Typically seven to 
eight extractions are required for complete removal " of • 
the monosubstituted PEG. The combined organic 
extracts were washed with saturated sodium chloride to 
remove any residual dihydroxy PEG and rhen were. dried 
o\>'er anhydrous sodium sulfate. * " * - 

The solvent was removed under reduced pressure 
and the product was redissolved in a small volume. of 
toluene (1 ml. toluene/ 5 g product). The product was 
precipitated by the addition of diethyl ether (5 times" 
volume of toluene) and cooling on an ice bath. Final 
filtration and drying of sample gave a 48% yield of a 
white " solid. 

■ - EXAMPLE III 
Polyethylene Glvcol-Coated Ocular Prostheses . 
Ocular prostheses (artificial eyes) are 
generally made from poly methylmethacrylate . Ocular 
prostheses were inspected, cleaned and polished bv an 
ocularis-:, and were then sprayed with a merhar.ol 
solution containing 0.3% of the BBA-PSG-14 50 
derivative as described in Example 11. The sorav 
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volume was jusr sufficient to completely wet the 
surface of the prostheses . 

The BBA latent reactive groups were activated by 
UV radiarion to form an excited stare which abstracts 
a hydrogen from the acrylic substrare to covaiently 
couple the PEG to the acrylic surface. This UV 
activation was carried our under an Electrolite Model 
ELG 4000 which illuminates rhe prostheses at 1.5 
microwatts /square centimeter for a period of three 
minutes. The prostheses were cleaned to remove excess 
reagent and then returned to the patient. 

When the prostheses were placed in the eyes of 
patients, the patients reported the initial sensation 
was "different", "more comfortable", "cool", and 
"feels like [their] natural eye". Patients have been 
able to distinguish the effect of the coating after 
three months of continuous wear . 

EXM'-PLE IV 

Preparation of Succinimidyl 
6— ( 4-ben2ovlbenzamid0 Hexanoate . 

The acid chloride of 4— benzoylbenzoic acid, 
0.041 moles, was dissolved in 150 ml of toluene and to 
that mixture was added a solution of 0.041 moles of 
6-arainocaproic acid in 125 ml of 1 N sodium 
hydroxide. The mixture was stirred vigorously for 45 
minutes at room temperature during which time a- 
precipitate formed. The product was then acidified 
with 125 mi of 1 N HCL and extracted with 3 X 150 ml 
of ethvl acetate. The combined organic extracts were 
dried over anhydrous magnesium sulfate, .-.fter remova 
of solvenr, the final product, was recrystallized from 
toluene - ethyl acetate ro give an 84% yield of a 
white solid, melting range 106-109- C. A pcrtior. cf 
the above amide product, 0.0147 moles, was dissolved 
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in 100 ml of dry dioxane. followed by the addition of 
0.0270 moles of N-hydroxysuccinimide*. The reaction 
mixrure was protected from moisture by a drying tube * 
and was cooled to 0** C A solution of 0.0270 moles of 
.dicyclohexylcarbodiimide in 3 mi of dry dioxane was 
added ov^r a '*5 minure period. The mixture was then 
suirred overnight with slow warming to room 
Tr'emperature . ■ , * ' ' . 

The' dicyclohexylurea byproduct: was removed by " 
filtration and the dioxane was removed under reduced 
pressure. The producf was di luted ' with- 50 ml of- 
ethanol and was evaporated again ro dryness under 
reduced .pressure . ro aid in the removal of the 
dioxane'. The white solid was then recryst al 1 ized' 
twice from ethanol to give a nearly quantitative yield 
of the activated ester, melting range 120-122'=* C. 

. • , . . EXAMPLE V 
The compound of Exam.ple ZV.is reacted with 
tritiated. Human Type IV collagen by the following 
method: Tritiated Type IV collagen (previously 
dialyzed against borate-buf f ered saline ar a ; 
concenrrat ion of 4 milligram.s per milliliter)" is mixed 
10/1 by volume with 1 Molar, sodium carbonate (pH 9). 
The compound of Example IV is dissolved in dry' 
dimethyl formamide at 6 milligrams per milliliter and 
8,0 mis of the resulting solution is added (over three, 
hours) via syringe drive to 28 mis of a gently stirred 
(4°C) solution of the Type IV'coilagen described 
! above. The mixture is allowed to continue stirring ' 
•for an additional hour-. All material, including the . " 
precipitate that forms is dialyzed against several 
changes of phosphate buffered saline. The resultant 
reagent {which is insoluble) is suspended in deicnized 
water and the pH is adjusted to 4 with dilute 
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hydrochloric acid at which point the material goes 
into solution. The resultant reagent is applied ro 
polystyrene tissue culture surfaces at a concentration 
of 13 ug of collagen/square cm and photoactivated in 
rhe same manner as the prosthesis in Example' II. As a 
control, identical polystyrene tissue culture surfaces 
ire treated with the same concentration of tririated 
Human Type IV collagen without the photo groups 
attached. Both sets of surfaces are idenrically 
washed for 0.5 hour with five changes of a 0 . 1% 
solution of Tween 20 to remove unbound collagen. 

The resultant washed surfaces are counted to 
show a several fold increase in retention by the 
photoder ivatized collagen as compared to the concrol 
under ivatized collagen. 

Polystyrene tissue culture surfaces similarly 
prepared but using non-tritiated collagen are 
evaluated in actual tissue culrure using fetal bovine 
corneal endothelial cells. The tissue outgrowth is 
several fold greater than the control, indicating 
crearion of a more tissue compatible surface. 

EXAiyiPLE VI 

The ability to repel proteins by surfaces is a 
desired goal for many blood compatability applications 
(eg. in vivo blood sensors), and iramuno gamma globulin 
(IgG) is a common blood protein which binds very 
tenaciously to plastics ^ especially polystyrene. 

The BBA-PEG-1450 described in Example I , in a 
methanol solution, is sprayed into 96 well poiyszyrene 
microriter plares at a concenrration of 3000 ng cf 
r-eagent per well. The methanol is allowed -co 
evaporate off before the plares are photoact ivarsd as 
described in Example II. 
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. The welis are evaluared.by absorbing 'Human IgG ^ 
and evaluating the levels of absorption by standard 
ELISA methodology using an alkaline phosphatase enzyme 
coupled to anti-rgG. The .PEG coated wells absorb only' 
20% of the IgG level of that absorbed onto untreated 
wells, indicating the ability to repel a very 
tenaciously absorbable blood protein. 

■ : EXAMPLE VII * 
. 4-Benzoyibenzoyi~ly5yl-acryla"te (BBA-LYS-AC) is 
prepared by reacr ing N-epsilon-r-BOC-L-lysine wi-h 
4-benzoylbenzoyl chloride, then, deblocking rhe 
epsi Ion- amino group vixh 3N HCl in ethyl acetate for 
one hour, at room temperature followed by reaction with ■; 
acryloyl chloride at pH 9.0. This reagent is coated 
onto silicone contact lenses by incubating the reagent 
solution in 50% ethanol in 0 . 1 M bicarbonate buffer ar 
pH 9 ..5 for two hours at room temperature, then 
exposing to high intensity light at 305 nm. The 
acrylate is the polymerization site. A solution of 5% 
hydroxyethylmethacrylate in 0 , IM bicarbonate buffer at 
pH 9.0 is then polymerized on the lenses using 
2 , 2 • -azobisisobutyronit.r ile as catalyst. The. 
polymerization reaction is allowed to proceed for one 
hour at room temperature, after which the uncoupled 
polymer is removed by washing the plates. This 
procedure improves wettability of the lenses. 

EXA.MPLE VIII 
Hyaluronic acid was derivatized wirh the 
ANP-EAC-PEG-anine- of Example I to resuli: in a 
subsricuticn level of one photo-group per 5 carbcxyl 
groups on rhe polysaccharide. A 0.5% solution zz this 
HA derivative was used zo prepare a film of this 
material on glass cr silicone materials. After 
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application and drying, the film was cross-linked by 
exposure to high intensity light at 320 nm for three 
minutes. After photolysis, the film was lifted from . 
the form by hydration with deionized water. The film 
maintained its integrity in water, was translucent, 
and retained mechanical stability allowing it to be 
picked up with a forceps and handled. The 
photochemical cross-linking of this material resulted 

in the construction of a film with greatly reduced 

rate of dissolution in aqueous systems . 

This film has utility in wound healing and drug 

delivery in ophthalmic applications. 

t 

EXAMPLE IX 

It is known that small polypeptide siibunits of 
cell attachment factors such as those used in Example 
V are actually responsible for the cell response by 
activating specific cellular receptor sites. 
Immobilization of these subunits onto a surface should 
elicit responses similar to the actual cell attachment 
factors if they are so immobilized without 
significantly altering their chemical stereochemistry 
so that they retain the properties recognized by the 
cells . 

The polystyrene tissue culture "slips" as used 

■ in example 5 were .soaked for two hours in a solution 
containing 1.5 micrograms of the compound of Example 4 

■ dissolved into 133 microliters of methanol. The slips 
are removed and the methanol solvent is allowed to 
evaporate in air. A solution of 200 micrograms of 
fibronectin peptide (FP) subunirs per milliliter of 
0.1 M bicarbonate (pK 9.0) in water was prepared. To 
one side of the polystyrene slip (0.5X1.0 cm) was 
added enough of the fibronectin peptide solution (75 
microliters) to completely cover the entire surface. 
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The slip maintained for 4 hours at 4°C. Without 
removing the solution the: slip is photoact ivated as in 
Example III for three minutes. The solution was next 
removed fromthe slip. The slip was then placed- inco 
1.5 ml of 1.0% Tween 20 in phosphate buffered saline 
and, allowed to rotate on' an orbital shaker. The wash 
solution was replaced every. thirty minutes for 1.5 " 
hours, and then allowjed- to continue washing for 
approximately 16 hours before they were exhaustively 
rinsed with PBS . • The slips were evaluated using 
corneal endothelial cell tissue culture as in Example 
V, against control slips having adsorbed FP. and 
untreated control slips. The adsorbed FP and control 
slips showed -minimal cell outgrowth and the 
immobolized FP exhibited 28 times the outgrowth of the 
control slips . • 

While preferred embodiments of the invention 
have been described, it should be. understood that 
various changes, adaptations- and modifications may be 
made therein without departing from the spirit of the 
invention and the scope of the appended claims. 
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WHAT IS CLAIMED IS: - 

1 . A menhod of providing a non-pretreated 
substrate with desired characteristics comprising 
contacring the surface with a composition comprising 
molecules of a polymer possessing the desired physical 
characteristics, the polymer molecules each having 
covalently bonded to. it at least one latent reactive 
group capable of active specie. generation in response 
to activation by application of an exrernal stimulus, 
to covalently bond to the non-pretreated substrate, 
the composition enabling polymer molecules to orienr 
spatially so as to enable said latent reacrive groups, 
to come into covalent bonding proximity with the 
substrate; and thereafter activating said latent 
reactive groups to covalently bond said polymer 
molecules to the substrate. 

2. The method of claim 1 in which the polymer 
molecules include molecules having end portions. with 
extended lengths, measured from the nearest latent 
reactive group, of at least about 10 Angstroms. 

3. The method of claim 1 in which the polymer 
molecules have number average molecular weights of at 
least about 400 . 

4 . The method of claim 1 wherein the polymer is 
polyethylene glycol. 

5. The method of claim 1 wherein the polymer is 
hyaluronic acid. 

6. The m.ethod of claim 1 wherein the polymer is 
collagen. 
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7. The method of • claim 1 wherein the polym.er is 
• chitosan . . . ' 

8. The me^ihod of claim 1 wherein the pdlymer is 
heparin . . \ : 

. . 9. The method of claim 1 wherein the polymer is 
polyvinyl alcohol.. 

10. The method of claim 1 wherein the ratio of 
latent reactive groups to extended length of the 
polymer molecules in Angstroms is in the range of 
about 1/10 to about 1/700. . , 

11. The. method of claim 10 in which said ratio 
is in the range of about 1/50 to about 1/400. 

12. A method of providing a non-pret r eated • • 
surface with desired characteristics comprising 
contacting the -non-pretreated surface .wirh a 
composition comprising a solurion of molecules of a 
polymer possessing .the desired characteristics', rhe 
polymer molecules each having coyalently bonded 
thereto at least one latent rea.ctive group capable of 
generating an active specie selected from the group 
consisting of- free radicals^ carbenes, nitrenes and 
excited states of ketones, in response to activation 

of the latent reactive groups by application of an 
exrernal stimulus to covalently bond the polymer 
molecules through the laten- reactive groups zo said 
surface, the average ratio, of latent reactive grouos 
to the exrendei length, in .-.ngstrcms, of the oclvmer 
molecule's being in the range of about 1/10 zo about 
1/700 and the polymer molecules having end oorti'cns 
wiT:h ex-cended lengrhs , measured from rhe nearest 
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latenr raacrive group, of at leas, about 10 Angstroms, 
the coraposition enabling poiymer molecules to be so 
spatially oriented as to enable rhe latent reactive 
croups to come into covalent bonding proximity with 
rhe surface, and thereafter acrivaring rhe latent 
reacrive groups to covalenrly bond the polymer 
molecules to the surface. 

13. The method of claim 12 in which the polymer 
molecules hav^e number average molecular weights of . at 
leasu about 40 0 . 

14. The method of claim 12 in which 
hydrophilicity is a desired characrer ist ic of rhe 
surface, the method comprising employing molecules of 
a hydrophilic polymer. 

15. The method of claim 14 in which in the 
polvmer is polyethylene glycol, hyaluronic acid or 
polyvinyl alcohol. 

16. A latent-act i vat able polymeric coating 
composition for altering surface char acter isr ics of a 
surface to which the composition is applied, the 
composition comprising a solvent solution of molecules 
of a polymer possessing the desired char acter istics , 
the poljTuer molecules having covaiently bonded thereto 
latenz reactive groups capable of active specie 
generation in response ro a specific external, stimulus 
to covaiently bond to said surface, the composition 
enabling the latent reactive groups of the polymer 
molecules to come into covalent bonding proximity with 
the surface . 
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17. The coating composition of claim 16 wherein 
the latent reactive group is ..a benzophenone , an 
acetophenone or an aryl azide. 

. 18. The. coating composition of. claim 17 wherein' 
the polymer is polyethylene glycol. 

19/ The coating composition of claim 17. wherein • 
the polymer is hyaluronic acid.. 

20. The coating composition of claim 17 wherein, 
the polymer is collagen. 

21. The coating composition of claim 17 wherein 
the polymer is chitosan. 

22. The coating composition of claim 17 wherein, 
the polymer is heparin.: 

.23 . . The' coating composition of claim 17 wherein 
the polymer is polyvinyl alcohol. 

24. The coating* composition of claim 16 wherein 
the latent reactive group is relatively hydrophobic to 
the polymer. 

. 25. The coating . composition of claim 17 wherein 
the average ratio of latent reactive groups to polymer 
molecule length in. Angstroms is in the range of about. 
i/10 ro about 1/700. • • 

26. A device having a surface provided with a 
polymeric coating providing the device surface with 
properties of the polymer, said coating comprising a * 
plurality cf polymer molecules, and a plurality of 
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residues of latent reactive groups resulting from the 
activation of said groups by specific exrernal srimuli 
to cause said groups ro generate active species and to 
bond to said surface, said polymer molecules being 
covalentiy bound to said surface through said latent 
reactive group residues in sufficient quantity so as 
t:o impart: properties of the polymer to the device 
surface. 

27. The device of claim 26 wherein said latent 
reactive group residues are residues resulting from 
the generation of free radicals, carbenes , nitrenes , 
or excited states of ketones. 

28. The device of claim 26 wherein the surface 
provided by the polymer molecules is relatively 
hydrophilic in comparison to the uncoated device 
surface . ' 

29. The device of claim 26 in which the polymer 
is polyethylene glycol. 

30. The device of claim 26 in which the polymer 
is hyaluronic acid. 

31. The device of claim 26 in which the poli'mer 
is collagen. 

32. The device of claim 26 in which the polymer 
is chitosan. 
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34. The device of claim 26 in which the polymer 
is polwinyl alcohol; 

35; Method of providing a substrate with a 
plurality of polymer chains covalently bonded to it/ 
comprising- contacting' the substrate with a plurality 
of chemical units each having covalently bonded to it 
a latent reactive group, externally stimulating said 
groups to cause the same . to covalently bond to the ■ ' 
substrate Via. active specie generation, and covalently 
bonding to said units monomers, oligomers or. polymers 
with necessary polymerization to provide polymer 
chains e:-:tending from said units and being covalently 
bonded through residues of . said latent reactive groups 
to the substrate. • 

36. The method of claim 35 wherein said - 
substrate is a non—pret reared surface, 

.37. A method of providing a non-pretreated 
substra.te with desired characteristics comprising 
■bringing the substrate into contact, with a composition 
comprising monomer molecules having covalently bonded 
to them latent reactive groups capable of active 
specie generation upon activation by an external 
stimulus to., cause covalent bonding of the , monomers to 
the non-pretreated substrate; activating said latent 
reactive groups to produce said bonding; and. 
subjecting ^the monomer molecules that arethus.. 
covalently bound to' the substrate to polymerization 
conditions .in the presence of monomers br oligomers 
polymer izable or copclyrr.er izabie v/ith said covalent Iv 
bonded monomers to result in the production of polymer 
molecules covalently condec tc the substrate throueh 
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■che latent reactive groups, the polymer molecules 
being of a polymer having the desired characteristics. 

38. Merhod of producing a cross-linked polymer 
comprising providing in solu-cicn a pluralizy of 
Dolymer molecules each having covalently bonded ^o it 
a la-cent reactive group capable of covalencly bonding 
-zo a porrion of a said polymer .-nolecule free of latent 
reaczive groups upon applicaticn of an exrernal 
' srimulus, and applying said exrernal srimulus ro cause 
said bonding beTzween polymer molecules. 

39. A: polymer gel resulting from the merhod of 
claira 38. . 

40. A thin f ilm. resul-ing from, the method of 
claim 38 . 

41. • A method of providing a non-pre^reated 
surface with desired- polymer character istics 
comorising contacting the. surf ace wirh a composi-icn 
ccmprising molecules having latent reactive groups 
caDable of covalently bonding ro the surface upon 
activation by application of -specif ic exrernal 
stimulation.' the latenr reactive groups being brought 
into covalent bonding proximity with the surface, 

.-Thereafter covalently bonding polym.er molecules ro the 
thus-oriented latent reactive molecules , and 
-Thereafter activaring said latent reactive croups ro 
cause r hem to covaienrly bond ro rhe surface, said 
nolvrrier molecules being of a polymer having the 
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